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£ i t"©IIi"C^f 'J TiiJS^^J i)m K 6tJ — e & £ i t * #m 1" & 1 1 1 - vm^fc 

[ft** 4] 

gt£ Lfclll-V«eft'fk*M i l £ *#a&K"^*o"C, M/^<b^&< *>10,uintf>gg$£-etf> 

v>fcv>d t *«F«ti-*in-v«afb«j*#iin**«o 

[If 5 ] 

aa:Lfciii-v»ea'ft!»M 3 f £ *#*«"^*o-c, ttiSoBfisom^sisft^, ss9jj£«# 
o a v >s j* 1 1 ± * * <; r it o #i * & « * * c t £ jr#m t t h 1 1 1 - mmitvo&^m 

[St#*6] 

Si:Lfciii-vi9ia'fb*^*#a6«T?*or, M*»<b^4< £ i>io M m<Dmz tx<D 

[IS** 7] 

IS^^ i - 6 <n^iri%ti^zmM<Diu-mmit®&¥mfcmmzt$^x. tfrfcaaSKifctt 

'j TfltJ^l X10 17 cm- 3 *?t"e* <9 , ^Ostjfe^Mg <7>/f) ^j3tt^ + ^ 

l 0 ] 

immm 1 1 1 
i»*ai2] 
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[If *3S 1 4 ] 

[ff*JfU 5] 

m^Ml -U<D\,^KfrlzUm<DIII-mM1t^¥mtt-&mz&^X. 200,«mW±lmm 
[ff« 1 6] 

1) o I IIKli-e *-5itS:*HRfc1-*III- mmAWsTk^mftmsLe 

im^m 1 7 ] 

[If 1 8] 

flf;&gl ~17<D^i*ftfr! l ZUM<DUI-VmmikWM¥^fa&ffi.fc&^X, GaNXliAlGaN/^ 

b%2>mz&trzti!&WLii-r & in-v8§£ffc»^NMN*a£*o 

Iff 1 9 ] 

if ^ i ~i8ov»rn^tcffi«oiii-v»isS'fi:«j*^*#lMg^i3v»-c, iii-v^MfttJ 

o 

[If*^2 1 ] 

zi<zfrtz^x&M i f&mzmffii-z>z\tz!(mti-zui- mmim^mi^mm^m^ 

[If 2 2 ] 

(a) lu-mm^^m^^mMmmxitm^^m^xim^mwmiz^m^ 

&f B B B /M#M£¥taft-r&- t J: 0, +f 'J 7lgM^-4-^-oi^M 

(b) ¥ffl^L^^ B B H ^g#M^^^«o^t t^ B B B j^g^M^1--2>-<htcJ: *^'J 

[If*«2 3] 

(a) in-mmit^^m^^^mmxiiik^^^mx^^&wmizm^ 

^ B B B ^S#ffi^¥ii'fk1-^>C<ttc c t; I9. M TitS^^W-^^-O^ £?FM U 

(b) ¥ffifkL^^ H B H ^S#®<7)?f^^^o/:^ J^ H B B ^S^m^-r^-<!:{iJ: <9, *^'J 
7iftS^^K B tlH^-^^-<7)®^ffML, (c) ^ B B B ^SI?-T^^BufeH-<O^^10 
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^fto/:^ io// m^jt<75ff £ k £ o x%i&m.mzmwi-r zztzftrnt-tzm-vm 

[tttf 2 5] 

tbh x i iz&&%.mztT- ^x&Mif&mwmzwmitirzztizx ^ +^ Tiij^w 

T^-&m~<vmZmf&L, (b) ¥fiitL/:^ a B B iffI^ft?:«o/:l^^ a B B tS* 

im^m 2 6 ] 

ei 1 1 - vsisi'fkw***** t hu f en«*« tifrm-tz is £ tr 1 1 1 - mmitwufr* 
<Dm^x^^m.mwmizm^omai{iiL^^h^^^n^^ zbizm&w&zm. 

T-#l-%m-<DmZBl&L, (b) L /;IS B B a «S|iI«It ^ §o ^ 

itLtSSi^^t^C t IZX t) , 'J 7iKM^-ii-«i^l)icU (c 

) &&f&m&Tmzmmm-<vmtino ,um&±(Dmz itzm^-t & x i izmmmm^mmir 
lit** 2 7] 

Hfi^m L***«b^rs*fi*tTV^ z bizmuw{hz®.&& x i cg B B B si^otig 
^f^c^-^^roi^fiL, ( c ) ^ H B H j«;&Tf£^ itjie^-oso^ *>^K 

[IS** 2 8] 

KIII-VSiaffcW5&iMMMi t HtfiEUffi&lRi: 3 IS* -Sir III-V^M^^^ 

Iftlfi^s^ftt^ct, (a) ^riEiii-v^gft^^frWOBKfto^jjwxti^f 

«t •? ££fr o"CBKS#MSr¥fi-fti- * - t tcj: 0 , * * 'J TflUg^**^^ 

-Zm-omZT&J&L. (b) ¥ia-fbL/c^ B B B ^:S#fficoff^^^o/i5 i^ H B a ^g^M 
1-*^i:lcJ:*K ^r^»;7iftJK^*7&«||K«j^-4*-0«S:^L. (c) 

imz, mum~(om<Do ^^wwizm^maimt^^hm.mLfzm^^^ < t 
ia*«2 9] 

m^mi^x2^um(Din-mMitm^mwmm(omm.^mz^x. mm.mzmo 

[IS** 3 0] 
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^ffi^TO-ftl-^ - fctcj: 0. * -v 'J Tiftjg5MN*W— OlML, (b) ¥ifi 

#a*£K«K:*&-fc*ntf>**j&ftu (c) ^ B B B j&ft**-Tf£K, Huie^z:<7)^^^ B H H c7)^ 

ft ^[6] M if L , *S B B B ^« £ * £ t i &ft £ 1" & III - V«ffl-ftW*#-*fr* 
[fjf*3l3 1 ] 

o^pg-ei±^ B B B ^ft#M^^oiH]£h^tB LZtfhife&i&mzft £ h^muma^m 

ibh X o Iz&gkf&MZii^Xf&fkWffiZ^mti-ZZttzX 0. +t'J 7M5tWTO 
-ar»-0«*JBjSU (b) ^ffl'ftL/c^^^S^MOff^^^o^i i|g B B B ^g^^ 

U 7«&55-WIS«ttK:l£-fc&-^«£^j£L, (c) ISiPhJ&S**- 

7tt:, HufS^Zlo^^^ B B B <7)^ft^|S]i:^a:n^®fL, IS B B B ^^^#1-^» £ t £#ft 

t -r z> 1 1 1 - mmvtoJk^mifc&M. <ommif&o 

[i«3 2] 

m S3&*200j«b*«I t:«:f>S:^J: 9 tc^HjtcSgffiSF £;&Dl*ifc-r - *#ftfc"*-*III-V8i 
[ff*^3 3 1 

[«^«3 4] 

is*«2i~33ov^i*n3&HiiB«oiii-v^fk^^*#^«os*5i^*^*3v»T. m& 

[|f^^3 5 I 

lt*^21~33O^TtL^lcfe«cC0III-V^M^^#«^^OM^ft^^v^T. 
[ff*^ 3 6 ] 

iSO^i < fc fc-ffifcHVFEftfc «fc <9fr 9 - t ^#ftt1-^III-VM^bt>^#^#*« 
[91*313 7] 

im^m3 8 ] 

m^m2\-36<D^i s ti^^zBmmu-vmmit^^mi^mm<Dmm^m^is^x, is b b b 
^so^i^-r^^^g^Moiadh^a^^^^^, iii^^o^EESr-etti-ej: *)ft< 

m^m3oxit3nzummu-vmmim^m^&m^m^^^is^x, wmLtz&m 
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mm%] mmm 

[0 0 0 1 ] 
[0 0 0 2] 

[0 0 0 3] 

^n^^*^-«:aijsi-*fi'fkw^*#jitt, 2r«&jR&*j£Si£ (movpe) , #?-«mk 

ffij£Sffi (MBE) , K7^ K*CffiJ&*8; (HVPE) ^^tia^ffl^tTiii«± 
J. fc? * * -> -V SrtT 9 - £ K <t *) t# <b ft -6 0 t - ^> #\ affc*#**MI t te^Setfc 

[0 0 0 4 ] 

O^±KAlNXJ±GaN£500rffri£-?JfM*U 7*^7 r^tfc^)il4v»L— 

h\Zl$7£%ftXhotZo 
[0 0 0 5] 

J£JUitf>3HSK®*. ieSJSM<03g«t LTGaNlfelKfcJflv^ d<0±tcS^^«^-f 

N£«££:£Lrt:GaN2£« (GaNgjL^K) tOf-So GaNg£^l££#&77 fti: Lt, ELO (E 
pitaxial Lateral Overgrowth) Kflr^&I h ftT EL0y£(i, T*k^tC^P^^^i- 

*£#T-e&£o #li¥ll-251253-tii, i OEL0i££JB 7 r >T 7&«±KGaN* £H?J& 

Ltzfe, t77nSS^i7f>^HJ: <9 Bfc* U GaN - t L 

[0 0 0 6] 

EL0&& $ bl/Z.§£M£-&tzJjfek- L"C> FIEL0 (Facet-Initiated Epitaxial Lateral Ov 
ergrowth) & (A. Usui, et al., Jpn. J. Appl. Phys. Vol. 36 (1997) pp. L.899-L.90 
2) tfffl&ZtltZo FIEL0i£(±, Wtitzs 1 ) 3 >^7>? ^fflv^TlMfiiff ? .6 -CEL0i£ 

M^mj'I$£fi^ig;^c-ri>o FIEL0v££JBv^T, If * 7 r >T 7^<*>Ttta£«±KJPHtf>G 
aN/f £j£S£-ti\ -e-O^T«l^««:l^*-rix(f, IS H B H ^Pil^JtfefitJ^^ i/^KOGaNSjL 
fcri ? -e££o 
[0 0 0 7] 

fg;$Ej£OGaNg£^^ Lt, DEEP (Dislocation Elimination by the Epi- 

ffi!iE$F2 004-3008705 
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growth with Inverted-Pyramidal Pits) &rt*5a5&$ft£ (K. Motoki et. aL, Jpn. J. 
Appl. Phys. Vol.40, #RJ 2003- 165799^-) 0 DEEPftfi, GaAsafeflLtU'** > V Ltz 

[0 0 0 81 

ELOj*^DEEPj£-Cf#<btL^GaN^«fi, MIST > <DVmX*[±, -tOfEffiK £ y h 
[0 0 0 9] 

Z<7)£ 7 KWRTlZto^X, #^2003-178984-^- (tl^f 1) i±, iSfc^Ofg^III 

fcwx~m^%HmmztizGaN&&mwtmzm.2tix^2>o z\<DMmzo^x, m^-xm 

[HH^^P^^l 
[0010] 

Si^GaAsi:v^^^^^fflv^^tTv^#^#:^-e{±, ■€■<*>« jt;frffij&» 
f)Lt*l)#^v^l-e*of;^ GaN^3L^T-{±, I? < J. \L 9 * v A- L £M£ 

Ltfflv^^-C, iWCi^CJf^ 'J 7MO^-&ffl£7!>q¥&U#&o 
GaNgt£^Offi^'fk^moT^g#®H7r-lr 7 h £tfi L^^«b^ B B B ^^^lT^ 

TLJ% 'J 7jtJ^<om&£«{i, 77-ty hffigL^«<OSEi LtSiiiO 

[0011] 

GaNSiOSlC^rt U 7M©T^-iHt^ffftLtv^i, -?"0±H^S LfcGaN 

Nlt^tffiil £ ftX ^X i> x i tf * * v * ^»0^eiil35«J|*L4 £ ^ 9 * - 

ttffrfr-DtZo tit 7 * n y^-^GaNi * y t i: , -e<7>±tcfVM 

[0012] 

gMf#ii:7 7^7 ni-cfflitLTttry h£mL&^£f B B B &j£:ft£« tr? 
^fzMmmmimj&'f&o tmt <?tzmmzi±^ ^»«cj:h 

+ 'J 7*l£#»WttKTO-fc*i*#^J*$*i<& t#x.<b;ri&o 
[0013] 

H*7 hOJg«^*«1"*«EffiO»«:^«r< «Jx.7tGaNiBfa-C<>, fWiIi:#^'J7l 
S^-W4t4: t^*4o L£GaNii& B B B ^£±KGaN^k:** ->t;H^ 
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o 

[0014] 

1 <D X ? 'J 7#*f OTtcS/I^S^lt^ Lfc 0 > 8iM i f&M<D&* 

J&J^ft^x^^&KJ: (9 7 t -fe 7 hJSSfc&JtS-tirfciJ-f *£ B B B J«^®^ 

IW^l^ti^tLTk ^El'ttJil'ftinltc <£ *9 ^f5/f i: A, ;b ft •?> tK *f < & 
[0 0 15] 

[0 0 16] 

IflMHvfcltt 1 ] #^2003-178984-^-^ 

mmzMik-tztzitxD^m 

[0 0 17] 

m^m^tz^ami-^^t n fkiMfc-Tztzibbzit^ miz®m&*j-fc&ttztLr\,* 

&rt!»fe$:<, *^';7*JKOlSrt*&— tt^Av^fcj^mR-C*"), (b) Ill-VSiS'ffcW 

mmmO/umX nm^t, Z<D±l l ZGaN&<7)J^\s?*i' J rJl<m*I$L%:2-£tzl%lZ^ 

•v 'J 7»JK5Wfr£K!!llLfc J: d ^11^7* n y^ItL^, flSfflrit^W— £ £ £ 

[0018] 

«5<EffiOfi5*;£lRj«rlfi»f-tV aKK^IiKiSi-r Steffi* 4*4 <t^i:Hi:, 

i) , ^Mtcjstt^^^ V 7^S55^^-^^^^^$-e^d«h/i> ? -C^^>o 
Z^mit-f&tzttXD&tfrt LTfi. 'J 7 2T** OTK^5M±^ii^P$ 

©rtqftfcWC* £ d*, |g H B H ^S^s«^ <b TK^JE^GaCl^EE^ SUKfcv^'frK: (i 

. ;i£ B B B j&Jb§*io&*«g^tt£^HL& <ttiSfl^¥Sfbt^ :H ? fl^ 

[0019] 

#3P^i:ieMjM^c^T&£ft£&<DT&i9 , fg:$5fi-e^o^M<7)^^ 'J 7»J£55- 
7&**fj- & # K , ij£ B B H 1$^& < &GaN^ <7)x(f^ytJH«IH4:^f 

[0 0 2 0 ] 
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10 0 2 1 ] 

& o 

[0 0 2 21 

[0 0 2 3] 
[0 0 2 4 ] 

#S£9! (Dmm<D MM K <£ & g 3l L 1 1 1 - VJ£gffc!»^#il*#IMR f± > tf> if ® <D mt 

mfrb'p* < t ^lo^m^m^ * •coflswj9[^is^'b*&^— <^>Ji tfrbtt 19 , ituieira 

[0 0 2 5] 
[0 0 2 6] 

tiirfE&«K*3tt<&* * >; TiftJgri* 1 X10 1 7 cm- 3 &±X~<b Zmte K fi, itufE^MJf 
2&K 'J 7M^i xio 17 cm- 3 *^-e&£*§^c(±, huIEM® (^rof) 

tZjStt^^r^ 'J 7iS©lf <bO# fi±100%O^HrtT*^CO^$f i L^o i^^ffiCO^r-V 

T% «; rmmoiSbo&tt. ( a ) +i"J7ig(0 (**tt-*/Mt) /¥**Hfi, (b) 

Jg<7)(i~f>o#{±. ( a ) <7) (*^1fi-ft/hit) /¥%3mi<z£ir)M.mLtzi><DX-&Z>o 
[0 0 2 7 ] 

ftm%mxte-t-~mMmx$)Z>o miE*^ raiso^^^fiitoft^^^fi lmmj^r 

[0 0 2 8] 
[0 0 2 9] 
[0 0 3 0] 

^l&B^OIII-V^Mfb^m#€#^«^*M(±(0001)oni^®T^^O7i^i Lv> 0 
[0 0 3 1 ] 

[0 0 3 2] 

mSE# 2004-3008705 
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[0 0 3 3 ] 

*&w<Dni-mmitvo&¥mit&ffi.^&^r , in-v^Mtt»*^#^ B B B <^& < 

[0 0 3 4 ] 

^ # s # & B B B (0 fig s o $ x i i it f co wl m x 1 ± @ g is « # m \ z m m. <o m a * m l & a* <b *s 

IbU $ <b^¥S-ftL^^ B H H ^e#M<7)^^^o/c^ i lO^m&lOJf £lC=b£oTj|£ 
[0 0 3 5] 

*»WO*z:o».»*cj:4III-VS^aft»***#3fe=Ko»jt*ffill, (a) III-V^S 
lb«>#*#^ B B B Oi£:R^JW^^^ 

¥*Hb-T£-<tKJ: ^rt V Tmmfr1fi&7fi&>-%%i--<vmZfmL, (b) ¥ffilbL£ 
[0 0 3 6] 

*«wo»=o»»»wj:*iii-v»iaft»^*#^<z>«ji^tt, (a) m-mm 
it w^*#*s B B B ojsfto^max fi^f <7>isp£-^i6! B B B >«#® »=«»<o ca a £ m t * a* 

spfflft-T&CiKJ: 0, +t 'J TMM^-^i-^i^f tL, (b) spfflffcLfc 
IS H B B ^^#®<7)f^^«o^^ £*£ B B B /&ft£&£M1-££ tC «t «K 'J TiftgE^^ 

[0 0 3 7] 

f&M<D®Mxitm*<o&mxit&M,j&mwmi l zM&<Dw&z& Ltctfbim&mmzfr^ 
^xmzwazmibz x i i-^^^^^tf ^x^^m^wmz^mitL, zbiz^mt 

Lfc^ B B B ^S#M^f^^^o tz i * 10 fx toV±±.<DWZ^zfrtz^X Z\ 
[0 0 3 8 ] 

t fu IEJia*« t * ^Sli- £ IS £#trIII - V^^^*^*#*«o^it 

i^flL, (b) ¥JSfbL^IS B B 0 ^S#®O^^^o/ci £!S B B B J«£$NtLTgimJf 
[0 0 3 9] 

inn -vj£Mfb%m#^#/i A'jSftKj: nwrnLtz^ mmn-vmrnt 

vs&*&i$mttii&mn&tiLt.t:frn-t&x.mz'£*. (a) HuiBiii-v^^bt>^*«# 
m <dj&& <d®m x n it * »t « *s B B B f&m^m iztm^ w a z m l & a* h&ghf&mzft 

£ <b ^ffilEIHIfiS:ffl*4 «t 7 H^ B B B ^5^ft oT^ B B B J5)cS#ffi^¥ii^bi-^> - fcCJ: 

•k ^-v uTits^w^-^n-o^^^L. (b) ^-mtLtz^^^m^m 
*&c>tzit&gkj&&zmMLxmmmzmf&-f2>z\tbz± <o. 7»«^^- 

mtE# 2004-3008705 



mU 2 0 0 3- 3 5 6 6 9 9 ^- v I 6/ 

[0 0 4 0] 

*l&MO^(0lg.»^J:*III-V^S^^#*^*O»ji^i£(±. (a) III-V^M 

<b^#>JNfcii& B B B <7>jM^ 

IMBo^KSr«o7ti £^ B B B ;M£^1-&c t K.t ik riiJ^^^K^^^ 
-i^i^iiL, (c) & B B ^Tii:, «riE^-oso-9*.StS*M^«S[oia 

O & /U L £ # «IL fziMMO'JsZ < i: -SB £ 1^*1" §:i:H?Stt4o 
[0 0 4 1 I 

W^^JBfcTHrE^aitfiEfcir^KI-iXe*:^*, (a) l»IEIII-V|JiSft*^#*tf: 

+ 1 U 7ilf S:M L, (b) ^mt Ltzm&i&&%-m<?>j&ft*i% 

[0 0 4 2] 

<tM#«#is B B H o&Pt-e ti^ B B B ^g^M ia a & m t * *« 

<blSa*ft«:1fv^ £<bt;mffE[H] ft «£ 9 K«SfiJSft«rfirorjiftftlMii«:¥fi'fk1- 

* £ i: £ J: »K ^ t 'J 7gf Mm-^i-Oi^M L, '(b) ¥filb L /c3£ B B B /&g 

fi<li:*l-^r«l^l<ML > (c) IS B B H M^7ti:, iiufEigrois £li!^ B B B <7>J&J^ 
ft k iiit«isfri-£ -i £: j: o> 7*jK$^w-fcfg H i&«£Jimi-&£ 1 *m 

[0 0 4 3] 

i»^i|£*#:JlfclKriE*a*«fc***"r*xe4r*S-*. (a) HUieiII-V^M<b%^^*# 
V tf> j&g^JWX fi I 3 OSBT? f±^ B B B ^«#M KHifcO CO £b £ ft L ft <b B B B J&R: £ fi 1 

7*JK#*:W$-**-©Jl«:^JfiU (b) ¥JSIb t ^IS B B B ^cS#M^^^^ 

<nm*m-<fmL, (c) ^ b b b ^ki^7^^, mzm~<omz&g,<Dj&g:jj\ti)tmmzwm 

[0 0 4 4 ] 

sststfjiAoiuiuj: &ui-mm.itty7k^fom&<o^m.-ftmz&^x^ mm* 
&m\ t zmk<vw&*\&L%tfhWL&LtzmwL<D'p% < H-s^tit^»wi lv> 0 

200//m*«»:ft^ftv»J:9 tz^ffitcS£lBBf®»PlS:i£i-07&<jffi L«/» 0 l£-<7>Jf£ 
[0 0 4 5] 

•cH**tfcv*axiij!i^a-c**^ (2) yr-t-y vmx~mii%tzi-K)&ik<ojfmz 

tbIEijf 2 004-3008705 
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10 0 4 6] 

£HVPE&HJ: ^n^It 
[0 0 4 7 1 

o 1 1 1 - vMMitm 7h mtmm (om^mz^^x, ^ a B H M«it^ B B H ig 

[0 0 4 8] 
[0 0 4 9 ] 

[0 0 5 0] 

£ L £ 1 1 1 - V^Mlfc^#«^ W^teM *5kW co Hi £ L 7t 1 1 1 - v^M-ft 

<9. fjm^cof§^?T-^mT-^^cor/^x£^ 

[0 0 5 1 ] 

^mmmizisif^mm [&±LLtz&m tit, g^co^£m#^#£^t-e&<, ^ 

y K'J ^^H^f^^D^v^SS^^^J^^^i-^^^v^ o d co J: 9 %&m$:ft1r2> 

L RWO n ^ iz X 2> r-vs ;^ M^^VOf^m t%Z> 0 

[0 0 5 2] 

^B^^iSffl Lt#^III-V^^l:^^«#(i> -Afc* : In x Ga y Ali-x-vN (tztzL, 0 

»i Lv> 0 
[0 0 5 3] 

&gkmMiz&^x*v*)Tmmi)mti:z>mmt, smxitmmx^^^^. sic^i- 

> ^^^<ommxit\£ v hot^x^/h?v^t% — m i )izmfammiz[ii}fr^xji:tf& 
7\nmxit-t~nmx^h 0 77^7 ^a^n^i^t: h-e&<, fielo^oeloo 
x ? fc&tz ± & * h v4 -/vzx&tut, ^(Dwmtx v ?4 ■fyjm^zmm.^mmofm 
tm-m^mfcfr. M-h^w^xit^tiiz^^mt 

[0 0 5 4 ] 

Tmm<om%&imi&, mmtit-o^ *) Ltzm^-^^-r^tz^. m±wMm.^m 

v>tU£\ co lift con > h vT, Y ■h-h'm-^\Z\p^-fh Z. tifiX^ ho tfc&X% &?££(±. 
Mb©7fci L Tffl ^ I, f MotS ^Slti: J: o T I^r S ?1\ L7^fg>7^imoftMT-JL 

^Tv^co^s^ii, i%tm*z&<£iiLmfr<bm-%izmmx£ & 0 >) rm^m 
Kzim^tfutia, mn<DM^mirmMm (sem) *?u v- (cu -c*> 

[0 0 5 5] 

ttliE#2 004-3008705 
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#«WOIII-vmaffctt^*#*;|gtt, ^t'J 7iftS*>#lfc 1 mmJ^JL 

—*f-y4Jt- Wftityj K) Of? -/-9->fX7j*liBmJSLT/f*»e>T*-6o *t'J7 

^i<ftT$^SSt4-6o *>*>^>A„ * ■* >J 7jftJK«0#l£ -6^i*0*:$* f 1 mmjg-C 

[0 0 5 6] 

[ 0 0 5 7 ] 
[0 0 5 8] 

^H^OIII-VM^W^^^^^ft^-tt^^Ixt LT> HVPE (/W K9>f 
[0 0 5 9] 

t»o^^^^ 7«JK*>*ft*tttK:i& CT^fc -#k&^-t 

&C1 fcli-CSftv> 0 tfOxtf, Btofc-faSi K-ynSOGaN^O^^ V 7?lJ^l x 10 1 7 
cm- 3 gJ^T:^^^^. ^**ia^^tt4* -V 7»ftOtf <bo#{i ±25% VXnX*>h <D 

»*l<, ifc** >j 7»j£# 5 xio 1 7 cm- 3 sis-e afefitSffinisit**^ 1 ; 

7*JSOtdT?>o § t±±15%Wrt-C**0**Sf* L < „ i * U 7jftj£j&*5 XIO 18 cm" 3 
gST**^.i^ ^SMKistt'S* * u 7atffiO(f <bo§ {i±io%mrt-e**W7i*Mi 
Lv^ 0 fcfc, g6^i:-r^Si K-7nSlOGaN&«0** 'J 7jftJg>5* 1 XIO 17 cnf 3 

£«^MKj3»t*** U 7jftJSOJf 6o§{J±l00%J^I*I-C*-6O75*« : i Lv^ 0 £ 

^#**/Jn £ < * & ^ h X*$> £ o 

[0 0 6 0] 

L/:ni^, Mg^Zn^S: K-^Lfc pS, Fe^Cr^fc K- :7*L£ <9 ng! tpM<D Y 
[0 0 6 1 ] 

JSO|IKfi«Ji^-4««:l0^mJSL±O)¥$H^-rc k#£.ST*4, tot, iMR^iS* 

tliliE#2 004-3008705 



#12 0 0 3 -3 5 6 6 9 9 ^-v: 9/ 

wattJt»r-*-*»£\ lift^iiLt, ig B B H ^ftB#tz^-v T^m^-tam^hh-h- 

[0 0 6 2] 

ni-v^^t^#«# (GaN^) <o&$.&mt. mm^rmmmz^Tuj^£^^ 

m<Dfrio uteiS LX. ¥-&x%^z ti>&& 0 ^t£_tm \d ? * -> \ ;Hf 

m <D%3-mmT Ltzn, &m&#mit Ltzn-r^o 

[0 0 6 3] 

feomztf^b < ti> io M mx$>z>mmm ] tot, co^sjfogtaws 

momzn, < tt>\o / um+mmmmittir'<£x&& 0 ztz r+turifw 
mm^^-x^^] tit. »«<7>fiM^J: fb-r^r-v T?t m^^^iz-^.x$>i>z 

t ZMM1rZ><DXl±% < > mm±^fiZi-^y-^U J*<7>#1±^— ^iC^^flS^^r-V 'J T 
'J7IR: 5 X10 17 cnr 3 fSgc) <7>*&£\ * * 'J TjftJKOtffc o § 3&«±15%J^rt"C* * - 
[0 0 6 4] 

m B# iz m A £ ti h V - v - ^ ^<z> EQ a L T is *9 . ^Sitli JifiP * if * * 
v^J&^Srfi 1 ? - i:ri*SiLv*fc*!>"C*&o fcis*££tf>{5DBr&;:«± % ^27*7^-, F*J 

[0 0 6 5] 

#Hl!BtiIII-VSettfbW^*# (GaNHO O gi&fcujgfll $ fi£ t)*\ $*?UOft« 
tifcXJb&o 
[0 0 6 6 ] 

[0 0 6 7] 

t7r^ T^XKGaN^fcf^+v* /U«*Jfi*$*, ^W7 7^7M$rHit 
*£fcKJ:«K mi bZTFTXi lZ**VTm%.<0&%Z>Mi&2Z^-f2>m£, *^')T 

mmmmiizi%-%mtzmir2>Gati&$.mfoizi'?mL, wmLtz 0 ^hjsct 

[0 0 6 8] 

ift7 7'f7»l^fflv^T, HWE£^GaN^ti?*v^;i/Jf 12a£j£K£-££ 0 HVPE 
ft (4, III^TC^O/Nn^Xt^r-^^GaCl^. jlHH* LJtl&K^iBKt&ji U 3kK«#-C 
, C*t£NH 3 Ul-g-LT, C*L<b£^/fc£«^ t IZ£ <9^«±-eGaN^ H B H ^^^:S^-it 
JSOH-tf^tifoXfifc© «fc •) -V V t »«««*>i&a[ 

It , m^-eiOOOt: KttJfc L fco * /cGaN^ B H H <7)^SjifI-e K — tf > ^BRfl-/r^ t L TSiH 

zChimummizmm-r&z t izx o K-tr^^S:ffv», si^K--/L^ Q 

[0 0 6 9 ] 

J®f4t ^^GaClSy f NH3<7)^/±(4 > aMR«*-^*il-r*t 5 X 10" 3 atmSt^O. 3 atmt Ltz 

o +^i7^t LX 2%<D\i2t98%m2om.'£rJrx*m^tzo z<n&ftx, ^yr^r 
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^*1HT, ^IWIffLt^ot (18(b)) o Ctf>*fc^-(i, J&&mfflZ$C:z.Tfp9\. 
[0 0 7 0] 

Sf^^<nctot, GaN^ 0 H H 12a<7)Tl±^(±¥ffi'fl:L (18(c)) , f^tlS 

££»::UtTOfl:-£1% mmizi±£<<D\£y hl3&ft&1r&Vim-?m&!&$:liMftLtz (X 
8(d)) o tfy M3»i, *±^«b^-2> ti£S«^m~^i-^mfMSO(i(?nS-e*o^ 0 ( 
d) tw*^-r-5ttfl-oi8fliio^jtBI«g|«*«SLfct t77^7li^»eG 
■aNO^ffitZ#fti"* tfy hl30MiT-ofc7F*Bfv^iSl4jJnE3fS$:Kfco £O^J£l4ti 

^ Bfv^I^-e(iSiOitJ^7) ? 3 X10 17 cnf 3 T?&o£<7>«t U JifflcD^ittrOSiOii® 
l±7X10 17 cm" 3 2ffifJSl±-C*o^o 
[0 0 7 1 ] 

(d) <7)^i-eGaN^ B H H 12a^^S$-ti:7t^, ffitfl-^SK** 4 i £ Lt, +-v'J7 
#"*/ittlO%<7)H2 t90%ON 2 <^rS^^^^l3J#x.TGaN^ H B B <7)^S?r^ctt7to G 
aNlS H B H 12aO^S^ffil2c(±¥iH<ti-^«[B)7)«m'btt7j (18(e)) o GaN|g B B H 12a<7)^^# 
MffW-iBltL tzlk, $ ^H100//mJiJL_h<7))¥$HGaN^ H B B 12b^^g$-ti:^o J&J^Mt^S 

LfcfibtwjSft Lfc»*l2b^)WflB«:Mjt»«a'C*S Lfc - *rfcK93JKO*fc & 
i«li||4Lti/»ftv»; t o7t 0 BP*>, H^j^<7)^^^>fI^i4iiGaN^ H B H 12<7)ji'f ( 

JM#Ml2c) T?f*36L (18(f)) , GaN|S B B H 12(7)^^®^ T-PJil LTV>& ttmU 

mt -CPJiiLTv^^\ ^ftoe? MiGaN^ B B H 1203£*^**$raU *S B B B fm^<b^& 
[0 0 7 2 ] 

Z\<DX 9 Ltt7 t4 Tmmi±^mmZ250 M m<DGali&M i 12$:l&&Z*ttz o GaN*g B B B 
12^¥^ftiiJK{i^j50 / /m/' h -C&o fc e 
[0 0 7 3] 

£l±Oi 9 £ LtGaNxt^^y + ;Hl2^ftLtt7 r>f 7 36*E11 
OWL, t7r>f 7^Kll£Jfcim§, GaNg^Ml5^#/c 0 * 7 r 4 T«««rBfe*i- 
^TT-ffi^LT, -9-7 r -< 7SSttSat5#, GaNT?f±i&JR£ i 9 &?£S<7>iibtB7J?> 
IMV-fjtt ^7r>f T JHWLT, GaN^ B B B <7)^M#S^StlML-C|^* 

■f*. v»*>i3>*U— «f-'; 7 h*7ifc£J8v>fco i^fl&Kfc, #!lxJ£\ Xfi 

i>ntfex~$>Zo t tz^r-y y 4 r fie- a x*i tr - -Me j: zwmM J- 

[0 0 7 4 ] 

JjnX-r* - t i «9 , ¥ffi14^[R)±^-^^o GaN^tt^l5<7)ft^)¥$(±230^m-e* 0 , 

ISfi^M^iiiCJ:^ GaNg£^«150OTii£^ (^& < t 10^ m«Dj££ 4 1?) 
Kt±*+ V 7^jg<7>JI&£fIi£75 ? (J(?&V^ t**«tST#7to 
[0 0 7 5] 

^<7X;aNg£^£l5<D^M£rj f MtCi3tt&*^ 'J 7igJ855^ van der PauwftKJ: 

GaNgjL^^15<7)*M(Ci3tt-2)^ * U 7M(i6.9xl0 17 cnf 3 ~-7.6xi0 17 cnf 3 <7>$g 
Hfl-e£>»K t»U*S-t*4ii:MIB"P*fco dtticit LT> El 7 K^-f J: 9 Ga 
Nii3fe«150M^i3it4*^ »J 7^^^2.7X10' 7 cuf 3 ~7. 1X10 17 cnf 3 fc, ± # < 

mtl# 2004-3008705 



mm 2003-356699 



^-v: 11/ 



1 0 0 7 6 ] 

>l^>GaNgjz:^15±t3 N MOVPEft £ffiv^T, GaNCD-i- tf * * v ^ ;Hjg & 1 /<mj&:g£-t>\ 

[ 0 0 7 7 ] 

itfSffiJ 1 

m*t Z &GaClRVm 3 <DfrE.£mm&&-Z:-"ttl?tl5 X10- 3 atmS^'0.3 atmt L. * 

, mmiz&zg <<D\£y hunt h-r^t^tzttx^^tzo 

[ 0 0 7 8] 

4££Ifci9l&§, GaNaSL*3R*»yS:o GaN^&^K^AMMfc-eft-rtLSO/!/ m&mo^ m?> 

SRoT^fcfcfy MitifcA^ij^cLfco GaN££*«<Dftij&Jp£{i260jum-C&o£o 
[0 0 7 9] 

[0 0 8 0] 

C.OGaNg:£&«<aM;Rtf*MK;tett&** 'J 7 van der Pauw&K «£ 0 

4X10 17 cm- 3 -7.7xl0 17 cm" 3 t ^ # < lft)0 v>T£> 0 , «MtCj3tt& * -v 'J 7jftj££>tf 
(2.6X10 17 cm- 3 ~8. 1X10 17 cm" 3 ) t ^cM^^ v»i <h Ltz 0 
[0 0 8 1 ] 

COGaNSai^«±tw. MOVPEft^fflv^T, GaNOxti^^y + ^I^ 1 /iiiiiS?^ -t 
[0 0 8 2] 

HWEm<D&&j&g:&ftzwfrt~m^tzMmm<)^nMm 1 tmsiKLr, t7?^7 

HI 1 C^1-GaNg3t3£«*ftKL. ML£ 0 WT, *IIM^OGaNg£^O^iiW&£ 
HI 4 *#JHL-CKMf *o 
[0 0 8 3] 

ift77^7©CIStll^i^t > HifefllJl tpJDHVPEffiHJ: I) GaNx fcf * * -> * 
;Wf 12a mmm<V : <MLmim%-mr~1050VbZt£fcLtz o WMt &£GaCl& 

y f NH 3 <055'JE(i, *^^cT-?-^-rfL6X10- 3 atmRirO.4 atmi L> * * 'J TffAt. IX 
s it £ibfrblO%<DH2 t90%<DN2<DWL&JfX*m^tZo GaM%£ M,<Df&m&mx, K-tf> 
^JKfl-^fc LTSiHaCh^^^^tt^l-^i i»C.fc «9 K- fc? > ^£fifv>, GaN*£ B B H H 
Si£ K-7°L£ 0 
[0 0 8 4] 

* -f GaN*£ B B B 1 2a<0^-9- 7 r -f 7 g« 1 1 ± K 3 &x <Z> K £ J£ U # v » -e^ B B B 12a 
<7>W\miZ7 r-tr -7 H7) s ItiT, ISflJftJt^JifTL-Cv^ofc (Ig(b)) 0 -0#^l±, 

j$fi«piii«:^xT^»:JR*) m Lfz&tiLmmRzfimmzmffliWimm-rz - ti:<t^ «e 

L£ 0 j£fiB#K£fi< -f&K'ijt-oX, GaN*£ B B H 12aCDlSJig|Ui±ffi£ (0001) Gaffit Lt¥ 

11(c)) o SfcK|S^irCi£JlJ!fcfi£«ttfcfcsI%, GaN^ B B B 12a<7)^S#M^^o7t:t° y 
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HiS**K&3»U ¥-mt-t ZmfafffLbtltz (Ig(e)) o Lt, GaN*i!; B B B 12aCD/& 
g#®12crt ? ¥fflfl:L7t:f£*>, $ <b(;i00,«mtl_h<OJ?£ £ 7?GaN3& B B B 12b<Oj&S£^ii5c L£ 

o 

[0 0 8 5] 

fIltl4t±GaN^ B B B 12cOii4«t-*?-5SL (18(f)) , *£ B B B <r>ft*t-ffi£ T'HJit Lit^o /:» 
[0 0 8 61 

:<0i ? iZ Ltt7 r -Y T*«ll±^^;)p$550^m<7)GaN|£ B B B 12^^g$-e/Co GaN|S B B B 
\2(D^mm^mtm5 M m/ h o /: c 
[0 0 8 7] 

fcllfcJIMBfeS, GaNS3£S«15S:Wfco GaNe£^15^SESiTO£iIMffl®tHa:i-& - 

GaN g jl&K (DM. £ (±430 /« m t & o 0 
[0 0 8 8] 

-OGaNg3l^«15O^M^.0 f a®^^tt^>^^ V TatS^ van der Pauw£(-J: 
iJl^oM^riPl^ 5mmO^FiT*iiJ^L7v:o *Otg*. ***ffi^i3»t4*-V U T«JKU 
0.9X10 18 cnf 3 -1.6X10 18 caf 3 <7)$SHl*n?& *K +53"^— £ t £ fc D 

CI tltc^t Lt> 3&K*iBK::fe»t&** 'J T?jISf±4.7X10 17 cm" 3 -13. 1X10 17 cnf 3 <h7v 
§ < (fib ov>tw4 i tri s ¥P^ Ltz 0 
[0 0 8 9] 

nhKtzGaN^^Lmm5<Dmm^mytmMmmmLfzt^^, mm&mfrh&ziooftm 

[0 0 9 0] 

jgflfcfll 3 

**-f KJgj£i9ff& (Void-assisted Separation Method : VAS&) ?:fflKt77 ^ T3£ 
aNHifca&KSrfERU fflLf: 0 VASj*OM(±#SI2002-64345-^-(Cie«$^TV^^\ 

hi 5 i&ML-osLm'r&o 

[0 0 9 1 ] 

i£tl2^ >f^ B U7 7 >f 7CM3£«21±K, M0VPE&K «fc «K h U > l-frff') -7 A 
(TMG) tNH3^/^#t LT, 7 > K- :/GaN*22£300 nmOJPS (Ig(b)) 
o ^(C^OGaN^t:^^v J c;i/^±(C, #STiM23^20 nm<7)J? £ L (18(c)) 

„ z\tl%m%tfPliZAtiX, 20%<7)NH 3 i:80%<7)H 2 O?l^^^O^t 1050t:x20 min 
«I^lLf; 0 GaN^22O-g|5^7f L >^$^-Ci^^Sc0^Pf.^|§^L 

fc«24»;SE-fl:-r* 1 1 i>iz, #JgTiM23^fb$n-c, M^-y-r? ? n ><7)tM&7t^ 

HS^JSH^^n^TiN®25(C^bL7to f^f, (d) iZ7F-fm&<D&mtf&btiti 0 
[0 0 9 2] 

£0&«£HVPE#3KA*U GaN^ B B B 26^^:#-C400^mOJ9$ClifI$-tt^o iTGaNIS^ 
26a<7)$.mzm^tzJ£Mlim3 £GaClT% 'J Tif^t LT 5 %?>H 2 t95%ON 2 Orl£-# 
*£JBv*fco j£g&fN±, flTJEE, 3£«SJRl040'C-e*ofco OGaCiatmfeO 
#EE(±> /&:ftOPjf§#?B#K(±, -^ti-TftSxlO- 3 3^X^5.6X10- 2 atm-C**). V/IIIJfcS: 
7 tLtZo i £GaNI£ B B B 26a<7)J&e;§f!t:\ K— l:>yg#^ t LTSiH 2 Cl 2 i&6Lffi$L 

[0 0 9 3 ] 

GaN«26a7& ? 2r^«21±K3^7COft#K£j£L (18(e)) > ^X&gk^tfffi 
2F|S)K:j£eLT:5>>KfS£-U Mo^Ffifk^jifirLr^ofc (18(f)) „ -Wli 
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m^h-otzo (f) tcffl^-f-6K*l-OBfliBO^jfcP«g|ffe-C{±, *l£21<7>#ffi^£>GaNgE 
MiZfttE-fH£y h27<DJ&Ui-C^tj:tf2>V%^WM2Si)mtbhntZo z\(D$MM2Slt. K — 

[0 0 9 4] 

(f) ^^-r^^.i-C-GaN|S H |26a^^S$-tl-^^, *<DGaC\ftJ±tz :tfl2X 10' 2 a 
tm(cig*$^Tij& B B H j«£^tt£<h z\h. My h27^«LT, GaN^ H B a 26a^^^#M(± 
£^¥ffltt^&flg|6]^ji.<b*t£ (Ifl(g)) o GaN|§ H B H 26aO^S#ffi26c^S'fl:L^^ 
, $ ^H200/zram±^)l¥$tcGaNIS H B B 26b(7))£g^^L^o J&g^M^Sll^&Me L 

v » i t t&*pj l £ o -r 4 1> *> , wm<?>m%z> mmsnGaN&^ojM t> t-i?-« l (in (h) 
) > GaH^^m^mixmmLx^>^^z\tm%mx^tz 0 

[ 0 0 9 5l 

GaN^ bb J&fi <7) **-T l5tHVPE£g ® £ fc£P 1" £ X , GaNJi 26 ii *V KJ1 £ ^ K -y- 7 7 7 
OTltil*«^ib ^^HfiJ^tL, GaNgtL^30^1#ibtt/i (I*f(i)) o -<7)GaNg3:^& 
^«30<^MMffi£giffiMj!raI-f £ - iCJ: <9 g5®£20/< m&<7M£50// mBfc* U ¥ 
Mi±*fa±.Z*ttZo MWW&liZ X <0 , GaNg£^30<7>«^J?$(±330,umi:&o£ (Ifl( 
j)) o 

[0 0 9 6] 

&btitzGaN&±Lmm0^mWRU'mm^tebf%*^>)Tmmfr^*van der PauwStC 

f±9.2X10 17 -10. 1X10 17 cnf 3 <7>$gHfi-C& *K -i-ftlZtt}— X"&%> Z\ tmtMX^ fz 0 Z. 
iXiZti Lt> ^^ffitc&tt&^-v >J 7MJ^f±2.8X10 17 cnf 3 ~8.8X10 17 cnf 3 t, 

< tf ?,ov^v^: tmmL/zo ifzz<DGatt&zmmo<DmmzmftWMmnmLtz 
tc\h, bmz 100 M m&±<Dmmz frtz^x %> mt&tfftte 

[0 0 9 7] 

GaN g jl^|£30<£> M®. O^M £ »t £ tEffiS&K * ffl'J^ L £0 K £ *t S 3£te M »± 

^m^fmi-^) ^ <h J: tio £fc*BK*3*t£4EMl£l±* plan-viewOitjgSm 

J-mMm (TEM) il^ft^^^^^o fOlS*, £OGaNS:£*«30OfcMKi3lt£i!S{]m 
S(i4.2±lX10 6 cm- 2 -C*«9. Sffi^^tt^$5ji^Sti7. 2 + 1X10 8 cm" 2 & £ t & 

mmttzo 

[0 0 9 8] 

mmm4 

^*^0u^GaNg3z:*«<o^M^ft^ N us zm™Lxm.w-rz>o 

[0 0 9 9] 

itt@2^ >^0^.|S B B B ^7 r W 7CM2&K31±K, IIOVPE&K J: *K TMG t NH 3 £ JRfi- 1 L 
T, 7> K-7°GaNJf 32£300 nmOJ¥£ IZJ&mZ-tttz (Ig(b)) o i^CaNxt^^ 
;H«±(:> ^JgTilli33^20 nmOff £ L (18(c)) , Cti^m^KAnr, 20 

%<DNH3 t80%<7)\\2<Di&<&ifX<D% : oWX, 1050t: X20 minOfftflLSfctfe t fco ^^IS* 
> GaN«320~W^y-^>^$*LrS5«fiE02glS* t ||^L^:S34*c^t-r-6 t t ti:, T 
i«33t±M<l:$nT. SlCtr? ^n>w|RiSI*^:**?S9&JK^^§nfcTiNS35tw^b 

l/co -eoiig*, (d) tzTft-rmm^mmmbtitzo 

[0 10 0] 
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-O^^HVPE'J^^An, GaN&f B B B 36£550(m<7)jy£Klfta IS&J&JH-ffi W^J® 

#(±NH 3 tGaCl^. 'J 7^7"^ <t LT 5%OH 2 t95%ON2CO?l^^A^ffiv^7t:o J&K^: 
ftl*. #/±> «S)^1040t:-e*o^:o ^S^+^GaCl&mWsO^Efi, *£ b b b jM<d 
fflt&m^li^ ftiWxiO" 3 atm^.^5.6X10- 2 atmT& 0 , V/IIlJtfi 7 t Ltz 0 itzG 

am&nj&m&mx. k— t? y fWM-if^ t LTSiH 2 ci 2 zmmmmzm&-r & ^ t k «£ 

OSi<0 K— t°>^*^1f o/: G 
[0101] 

(±i;#t;GaN<^36a/^«31±K3^x©ft^£/&L (1*1 (e)) , ^:^-C|g H H B |B]± 
^^|S]tc^SLT5lvHC^L. ^H<7)¥S<b7)^f Ltv^o/: (Ig(f)) 0 

. StfgLTto ^IHP^fi(t^Ctot, GaN^ B B H 36aCO^^#MtCi3tt^ fcf y b37C9ffc 

^a»12flj£t?*ofc 0 (f) K*£-r*tt#<0»ffi©»jfc8«««-Cli, ^«©#®^Ga 
tfy h370&IRit?ofc7FSI«v^i£38j&*«£$*ifco - <*>«#38ti\ 

[0 10 2] 

(f) U^i-t>t«^-CGaN|£ B B B 36a^^g$-^^^, tti£S#7 ^OGaCl^ffi/itf^XlO-* a 
tmtcii^ LT^g^Mtt^t -^>> tf y b 37^38 L. GaN*£ B B B 36a<7)$::E^ffi(i. $ K 
^fflffc-f&ISlWJi.rfbttrt: (Xfl(g)) o £©B#*£T^C, %)80/u m<Dm £ <7>GaN*£ B B B 36a^ 
teLtv>/:o GaN|^ B B B 36aOJtR-^MO¥ffl'fbfl:> $ K470// mCD!? $ HGaN|g B B B 36bO^: 

GaNttft36©jfe+-e»»LfL*v» (11(h)) , *S B B B Oft^ffii TPJii Ltv»ft i ^ 
[0 10 3] 

IS B B B ^SO^T^HVPE^M^i^iPl-^iiflT\ GaN«36li>K>f K«*«HT»*«31*> 
fcHfttKiMfiU GaNgt£^40^#<bft£ (Ig(i)) 0 - ©GaN^3:^«40©fS«|3gffi 

£&BW£mn:i-<& - o x ^Ms.^affi^-ea^ti2o^ms.^ioo ; «m<7)^$ j x-m 

*U ¥ffl1££fa±£-££o ilffiaO, GaNg&«40©Si&Jl£ 1*430^ mi: &o 
[0104] 

&fc*LfcGaNe:£llffi40©^ffi&tf&®Kfc*t** J \r 'J 7 it g 53-^ £ van der Pauwj£&C 

(i9.2X10 17 cm' 3 -10. IX 10 1 7 cnf 3 <7)$EHl*]-e& «9 , +5H-*&— & £ 1 rt*aMB-C# 
/Co i tzgMMMliziSlil & * W TiitJ^I±8.8X10 17 cm- 3 ~10.8X10 17 cm" 3 i:. Sffii 
< S*»?>*v»i fcj&^WWLfco - <7)GaNg 21**40© BJf® & &:KKfltSttt£ L rt: fc - 

[0 10 5] 

glMff!) 5 

FIEL0& (A. Usui, et al., Jpn. J. Appl. Phys. Vol. 36 (1997), pp. L.899-L.902 
) *m^XV-7 T 4 7**±KGaNifc°**v J S';l'Jl£j£:K£-fc»\ fOlt7 7^f7M 
£Bk*-T&- <h Ci «)GaNg2:aMR£ftUKU ML£ 0 WT, ^^M^U^GaNg £H*0 

ftfW & > n 9 * #0.3 l r mx -f h o 

[0106] 

H:@2^ y?-<D 7 r 4 7CM«41±K, MOVPEftKJ: »K TMGfcNHa L 
T, 7 V K-7GaNJf42£600 nmOJ? $ (Ig(b)) o 'friz Z <DGaN^ \£ ? * 

-> + ^*±»c«LCVDj£tc«t •9Si02)KS'0.5/<inOJP$tcJ||«L. 7* h'Jy^77^:J: 
«9Si02MlC<ll-20>t¥fi : ^^ h ?^ HH\ GaNS42«r»m$Hi:fc (Ig(c) 

) o &£>"l@t±3 jum-CfclK Si0 2 ^^ ^43©"PS(± 7 //m^oto 
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[0 10 7] 

Z<7>mtiL&WPElFizXtL. GaN^ a B H 44^^frT-500^m<7))¥$HJt^S$-ti:^o *& B B B J&:ft U 
Jflv^fclRfl-tiNHs fcGaClT, * -v "9 7#\* «h LT 5 %OH 2 i:95%<0N 2 O?I^-^ £fflv>fc 

ClSCKNHaO^ffii-etL^tLSXlO- 3 atm£tK5. 6X 10' 2 atm£ U V/IIIJtti 7 t £<, Ga 

m&<D}&m&m-cit, k- tr^igfi-ar* t L-csiH 2 ci 2 - t k «t 

[0108] 

GaN^ B B a44(i, l± £#iEW©TJlfeGaN±Kj^tfHCj£;gU <ll-20> «h¥fir£* h 9 >f 7 
flcKETiJLfco < 11-20 > fcMfcBr®W\ (d) UfllsSMfc^-fJ: 9 i:4oT^fc, 
[0 10 9] 

-7 * ? (OmUtm S i Q2 ^ * * 43± (±GaN£n B B B 44a f ± ^fc£® S:8?J:^:«^ 

iRlUJftftLfco * h 5^f 7 9 ^{c#y i YcGaN^ H B H 44a(7)iBiJMH(±^ r -b y h®^5i 

*u K<7)is B B a t^^i-^,fiitn(±, mmm^m<om45^mm.Ltz (xfi(e)) 0 

[0 110] 

(e) i>z^m-r^m-<omm<omitmMmmzit^ sio 2 v^^43to^M^f>GaN^Mn 

[0111] 

fc* * il*T LTV»ofc7&*, C*L<bOfflt45f±dtfi^iitT t t 4 0 , GaN*£ B B H 44a 

[0 112] 

GaNie H H i44a^*^HS:¥ffl'fb$*fc^ $ & K#J400a< m^l $ t ^GaNij§ B B B 44b<7>/55tfl 
fc«*5Lfco GaN^ B B B ©fM<7)^7t:^MIII^(7)^*. fiKSf I<7)¥Wt:fiEf LfcSt* 

N|g B B B 44<7)jif t^JStULi v> (18(g)) , jgsloft^Mi-cPJjiLrv^v^c: t&m 

[0 1 13] 

-9 LXmWZmOOvm'DGaNmikMfimhntZo GaN#§ B B B 440TO^Si§S(i*-J75^m 
[0 114] 

GaNSi3£«50O*«MlinS:SlffiWfS»PXl-*-fc^«t 0, Sia^il^-fiif^O 
//m^^'eO^mo'o^L, ¥ffl14£|6j±S-£fc (Xfl(i)) 0 GaNg£«50O fi 
420^m*ofc o 3£«»fl50^jfeS8fcSS»^Wife*^ &«£>MO;*:SB# (380// mOJ? £ ) 
IC^r^ 'J TfltSO^^^M^^v^ ti»fllflLt £OGaNe&£«50O»fM<*>MjfcP 

*«ttl«:H10H^-ro 
[0 115] 

^OGaNg£^^50O^ffi&y J *®Ci3&t<2>^A' V 7»j£5Mi £van der Pauw&K J: 19 
36«Oi£S^rfi]tC 5mmOWPiS-CijH5eL^:o £«3l® K £ *t * * -V V 7 

6X10 17 cm- 3 -7.2X10 17 cm" 3 OfgBl*) t?* >9 > +5Hc*&— - Cfc* - <h § to - 

*UC**LT, ^aS^JStt^^^ '9 T««til.7X10 17 cnf 3 ~~7.2X10 17 cnf 3 £, 

[0 116] 

COGaNg^^50±tC. M0VPE&KJ: 0 GaNO^ fcf * * v * ;u|g|£ 1 j< mOlpS KJ&RS 
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[0 117] 

izt -f *\ 'J 7^JK7& ? ^&&«i£l4&^trSfS-<DGaNJf 12a£/&g£-£ (Ig(a)-(d)) . 
^^■^JKfi#lBl2cS: 5 FS'ft-f *dt^«t «) (18(e)) , * -v TiftS T&^-^^ZKOGa 

N^i2b^^s^-^/c (18(f)) o i tm%&£M, **>)Tmmwj-z:m-v>G 

aNm 12b 5: m2%}20 mmt XMM. LTJ&S £ t Xh2> 0 

[0 118] 

I?£ift20 mm<7)»Z:<7>GaN]f 12b£, t7 7 ^ 7ltllWvV:^^f.T*@^C 

ttff(±. ^0^77 fa (■*? T^iUEffiu^fiO Mto*: (ig( g )) o - 

Ut, J?< L7t^Zl<7)GaN^12b^fb, l£#50 mmS.^')? $450^ m?)GaN^f£l2d£ 19 
tt^Jttit^o 3JiB L£&GaN^KoS^M£§!Mffi^U SSfe^OGaNg 2;^|£l2d£- 

(18(h)) o 

[0 119] 
[0 12 0] 

&GaN&±Lmm2d<DmmbZi5rt & * \ 'J raftS^fcvan der Pauw&KJ: 0&*stf>igS 
^•|p]tC 5mmO^RST?ffJ^L^ t £ ^ -V D 7 jftjg(26. 9X 10 1 7 cm" 3 -7. 4 X 10 1 7 cnf 3 <7> 

[0121] 

#GaNgjL^I£l2d±KM0VPE?£KJ: I) GaNO^ tT * * v /MR* 2 /< m^JPS 
[0122] 

u-tx(D®.&itmi<z^?>\,^%:m%mtfnife%c\t, ttz^o LtzmMMi>*%w<omm 
iz$>&z\titmm%i<zmMzti2>tz.*>x$>z>o tztz.it. ^mm^n^x. GaNi£ B B H j& 

0 2 ^co^^^ *m^Z>EWtfim$:®.& J £xm^Xl> mMMXiiTHk^mz^y r 
7&&£JBv»fca*. GaAs^SU ZrB 2 . ZnO^O^^GaN^J^ tf ? * v * ;i/J|£yM££ Lti 

[0123] 

js^ ou±#t-) #\ h7>^#- Met vftMi£zti2>mMzmm-fzi><Dx$>2> 

[0124] 

HiSW-CtiGaNoai^oaiji^jSfeSr^L^:^ M&AlGaNO S tJ:a6«tc jgffl-T & - 
[0125] 

[m 1 ] *HWOGaNa5t3fe«Ofl||£«:^-r«Si&Bf®0t?*-6o 

KH2] *§&w (mmmi) <DGaN&z&m<nMnzmirmitm'&M^mx$>&o 

[13] (Jfctfcm) OGaNe5tl£«WWfiB«:^1-^jfea»ift¥l^-C*)*o 

[H 4 ] *|&H^coGaNg5:^OMitIflO-^J (5£M#!| 2 ) *^1-«B&H|-C**o 
[H5] *f^OGaNB£a£«Of^gieoflfeO0i (nMW3) Zmirmv&mxkZ 
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o 

°[H8] ^f&B^<7)GaNg^*«<7)M^tXfl^$'b^t!iO^!l (^»J 4 ) £7Fi)-$Ei&[g] 

[m9] ^B^oGaNi^^coM^xfio^btc^o^ii (^Mi5fl 5 ) im-rmmm 
[hi 0] ^i&b^ c^m^ij 5 ) (DGaN&zmfc<Dmm*mi-&itmffim^M-£&2> 0 

[Hi l ] *H^OGaNS3l*^OM:DgO$ <b Klt!l<7>®J (Hifetfll 6 ) £^-t$EB& 

[f^Oi&Bfl] 
[0 12 6] 

1, 15, 30, 40, 50- • -GaNgSl^ 

2, 14, 28, 38, 46- • - * -V 'J TfltJg<7)^& £ 

11, 21, 31, 41 • • • -9-7 r >f 

12, 26, 36, 44 • • • GaN*£ H H H 

12a, 26a, 36a, 44a- • - * * 'J TfltJS<7)^£ & L 4 v>Jf 

12b, 26b, 36b, 44b- • • * * 'J 7 *j£7&*H»fi«jK:t*f — fc« 

13, 27, 37- • • 77-fe-y H-eii^;^y h 

23, 33 • • • &m^? y 

24, 34- • • m%*m-fZ>GaN@i£k 

25, 35- • •mBmj&<omt j f-9> 

42 • • • MOVPEj&ftGaNTi&^JI 

43 • • • Si0 2 -^* ^ 

45 • • • 8lfffiV^S<7)?t 
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